SUMMARY
Several studies have shown the beneficial effect of renal denervation (RDN) in the treatment of ventricular arrhythmia, especially in the setting of heart failure (HF). However, the underlying mechanism of antiarrhythmic effect of RDN is unknown. Arrhythmogenic cardiac alternans, particularly spatially discordant repolarization alternans, characterized by simultaneous prolongation and shortening of action potential duration (APD) in different myocardial regions, is central to the genesis of ventricular fibrillation in HF. Whether RDN decreases the susceptibility to arrhythmogenic cardiac alternans in HF has never been addressed before. The authors used a rat model of post-myocardial infarction HF and dual voltage-calcium optical mapping to investigate whether RDN could attenuate arrhythmogenic cardiac alternans that predisposes to ventricular arrhythmias, as well as the hemodynamic effect of RDN in HF. The HF rats had increased body weights, dilated hearts, and lower blood pressure. The HF rats also had longer ventricular APDs and a delay in the decay of the calcium transient, typical electrophysiological features of human HF. Susceptibility to calcium transient alternans, APD alternans, and spatially discordant APD alternans was increased in the HF hearts. RDN significantly attenuated a delay in the decay of the calcium transient, calcium transient and APD alternans, and importantly, the discordant APD alternans, and thereby decreased the incidence of induced ventricular arrhythmia in HF. RDN did not further decrease blood pressure in HF rats. In conclusion, RDN improves calcium cycling and prevents spatially discordant APD alternans and ventricular arrhythmia in HF. RDN does not aggravate hemodynamics in HF. The recent introduction of endovascular catheterbased radiofrequency ablation technology, renal denervation (RDN), has emerged as a treatment tool for patients with resistant hypertension. This catheter-based approach that targets the efferent and afferent renal sympathetic nerves has been demonstrated to result in a favorable blood pressure reduction through modulation of sympathetic activity (3, 4) . Recently, catheter-based RDN has also been studied in the treatment of other relevant cardiovascular diseases that are involved in activation of the sympathetic nervous system, such as HF, atrial fibrillation, and ventricular arrhythmias (5-9).
In 2012, Ukena et al. (7) first showed that RDN greatly decreased VT/VF episodes in 2 patients with HF due to cardiomyopathy and therapy-resistant electrical storm. One recent report also showed that RDN successfully treated repetitive VT/VF that were refractory to antiarrhythmic drug therapy and ablation in a patient with acute myocardial infarction (MI) and HF (8) . In a recent small case series, a significant reduction of VT burden was observed after RDN in 4 patients with HF and VT despite maximized antiarrhythmic therapy and ablation (9) . In all these patients, RDN not only was an effective treatment modality for suppressing or diminishing ventricular arrhythmias, but also was associated with a good safety profile. 
Chang et al. Figure 1) (14) . In the sham control group, the kidneys were exposed in the same manner as the RDN group, but the vessels were not stripped or painted with phenol (15) . Therefore, the control animals received both a thoracotomy and abdominal incision as sham operations, and the HF without RDN animals also received an abdominal incision as the sham operation.
ELECTROPHYSIOLOGICAL STUDIES OF THE RAT
HEART. Four weeks after the RDN procedure, the rats were anesthetized, and blood pressure were first STATISTICAL ANALYSES. All data were expressed as mean AE SD. Continuous data from independent group were compared using the Student t test, and categorical data were compared using the Fisher exact test. When there were more than 2 groups, means were compared first using 1-way analysis of variance The decay rate of calcium transient was also slower, with a larger time constant, indicating defective calcium reuptake and cycling ( Figure 3) (16,20) . Defective intracellular calcium cycling (impaired diastolic reuptake) may directly contribute to Ca-ALT (16, 19, 20) . We then sought to investigate whether HF hearts also had increased susceptibility to Ca-ALT.
Incremental pacing was performed to evaluate the relationship between Ca-ALT and PR (Figure 4) . (Figures 3 and 4) . The contour map of action potential duration alternans (APD-ALT) is shown. The magnitude of APD-ALT (contour intensity) at each mapping point is defined as the mean APD of even beats minus that of odd beats. Red (positive) and blue (negative) colors indicate prolongation and shortening of repolarization, respectively (contour phase). Therefore, red is marked positive phase, yellow is mild positive phase, light blue is mild negative phase and dark blue is marked negative phase. (A) In the representative CTL heart, alternans that is in-phase (concordant alternans) between site a and site b is observed at 600 beats/min PR. In the contour map, concordant alternans is distributed across the whole map region (both site a and site b are dark blue). 1 indicates odd beats, and 2, even beats. (B) In the representative HF heart, alternans that is out of phase between site a and site b (discordant alternans) is observed at a PR of 600 beats/min. At 600 beats/min pacing rate, discordant alternans is observed, as APD of myocytes at site a and site b alternate with opposite phase, depicted by the presence of both red and dark blue contours. (C) In the representative HF heart with RDN, although APD of myocytes at site a and site b alternate with the opposite phase, the magnitude of discordant alternans is substantially decreased, depicted by the presence of both dark blue and yellow contours. Abbreviations as in Figures 1 and 2 .
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In agreement with previous investigations, in our rat model of post-MI systolic HF, we observed that cytoplasmic calcium decay rate was decreased, and the HF rats showed susceptibility to Ca-ALT and APD-ALT, including discordant APD alternans. These arrhythmogenic substrates, particularly the discordant APD alternans, could be reversed by RDN, which has never been reported before. press VT/VF episodes with a good safety profile in patients with HF and electrical storm (7) (8) (9) . Importantly, blood pressure was not significantly changed during the procedure and the following months in these patients with low left ventricular ejection fraction. A small study in normotensive patients with HF also showed a favorable effect on exercise capacity without significantly decreasing blood pressure (6). STUDY LIMITATIONS. We did not show an alternansmediated conduction block and initiation of re-entry arrhythmia in the optical mapping study of our HF model (11, 12) . Another limitation is that we only showed APD-ALT and Ca-ALT were closely coupled, but we did not prove Ca-ALT drove APD-ALT in the present study. Our data also did not directly prove We provide another line of evidence that renal denervation may also decrease the susceptibility to lethal cardiac arrhythmia but does not cause hypotension in systolic heart failure.
TRANSLATIONAL OUTLOOK:
We propose that inhibition of neurohormonal activity by renal denervation prevents arrhythmogenic cardiac alternans and leads to decrease of susceptibility to lethal cardiac arrhythmia in systolic heart failure.
Further studies are warranted to investigate the interplay between neurohormonal activity and arrhythmogenic cardiac alternans.
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